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Update to the 2019 Nutrient Loads and Yields in Kentucky Study 
Caroline Chan and Josiah Frey 
Kentucky Division of Water 
Caroline.Chan@ky.gov, Josiah.Frey@ky.gov 
 
The 2019 report, Nutrient Loads and Yields in Kentucky: 2005-2017 looked at statewide long-
term monitoring of nutrients to determine the extent of nutrient pollution in Kentucky’s waters, 
where the problem is greatest, and how the levels of nutrient pollution have been changing. The 
information in this study was helpful in determining where to focus nutrient reduction efforts. 
The study also made clear that long-term data assessment is important to understand what actions 
are effective, and whether other factors should be considered. 
In June 2021, the Division of Water (DOW) released the report, Update to the 2019 Nutrient 
Loads and Yields in Kentucky Study. This update builds on the prior study, adding two years of 
data (2018, 2019). Beyond the 57 monitoring stations from the earlier study, five monitoring 
locations at the mouths of major tributaries to the Ohio River were added. These locations, 
monitored by the Ohio River Valley Water Sanitation Commission (ORSANCO), are useful for 
showing larger trends as well as helping to answer the question: What is Kentucky’s total 
contribution of nutrient pollution to the Mississippi River Basin? 
As with the earlier study, higher nutrient pollution was found in areas of the state with greater 
amounts of agriculture. However, the additional years had greater variability in loads and yields 
than the previous time period, especially for nitrogen, indicating some kind of change. A look at 
precipitation across the study time period showed that, along with 2011, the two added years, 
2018 and 2019, had unusually high precipitation totals. Rain events could have resulted in 
greater nutrient runoff than in years with more typical rainfall. 
This study also estimated the total amount of nutrients coming from Kentucky. The combination 
of DOW’s and ORSANCO’s monitoring stations accounted for 82% of Kentucky’s drainage 
area. The remaining 18% of land area was estimated by looking at the relationship between land 
use and nitrogen and phosphorus yields. This estimate indicated that about 105,000 tons/year of 
nitrogen and 12,000 tons/year of phosphorus left Kentucky annually for the Mississippi River 
Basin. 
As DOW examines problems caused by excess nutrients in Kentucky waters, we will continue to 
investigate the relationship between high precipitation totals and increased loads– perhaps as a 
result of climate change – and whether 2018 and 2019 were unusual years. The Division will 
also work to fill in the spatial gaps to more accurately determine Kentucky’s average nutrient 
load. DOW will continue to assess nutrient data to understand if our strategies are effective, and 
identify other factors affecting nutrient loss. 
References 
Chan, C. (2019). Nutrient Loads and Yields in Kentucky: 2005-2017. Frankfort, KY: Kentucky Division of Water. 
Retrieved from https://eec.ky.gov/Environmental-Protection/Water/Reports/Reports/2019-
NutrientLoadsYieldsinKY.pdf 
Chan, C., & Frey, J. (2021). Update to the 2019 Nutrient Loads and Yields in Kentucky Study. Frankfort, KY: 
Kentucky Division of Water. Retrieved from https://eec.ky.gov/Environmental-
Protection/Water/Reports/Reports/2021-NutrientLoadsYieldsUpdate.pdf 
ORSANCO. (2021). Ohio River Valley Water Sanitation Commission. Retrieved from Data: 
https://www.orsanco.org/data/   
SESSION 2A: WATERSHED MANAGEMENT I 
20 
 
Lexmark Rainwater Harvesting System – Turning Unused Infrastructure and 
Problematic Stormwater into an Award-Winning Asset 
John Magner and Sam Lee 
Stantec Consulting Services Inc. 
John.Magner@stantec.com, samuel.lee2@stantec.com  
 
Stormwater runoff was an ongoing challenge at Lexmark International’s corporate headquarters 
in Lexington, Kentucky. Heavy downfalls on Lexmark’s 264-acre campus led to water quality 
issues and flooding problems in the creek that flows through the property. Lexmark wanted to 
find an innovative solution that not only achieved their goals of improving water quality in the 
local watershed, but also saved money by reducing municipal water consumption. The City of 
Lexington wanted to improve water quality in the area.  
The design-build team of Stantec, EcoGro, and Ridgewater (Project Team) initially performed a 
stormwater best management practice (BMP) feasibility study for the campus. As a result of the 
study, Lexmark submitted an application for a Lexington-Fayette Urban County Government 
(LFUCG) Stormwater Quality Projects Incentive Grant to fund the design and construction of a 
bioretention basin and rainwater harvesting system (RWHS). 
The system of new and repurposed infrastructure demonstrates that innovation does not have to 
undercut a business’s profitability. The system diverts rainwater runoff from approximately 35 
acres of mostly impervious area into a bioretention basin, where it is infiltrated through sand and 
soil before draining to a pump wet well. The water is then pumped into one of two repurposed 
tanks, a 3-million-gallon storage tank or a 500,000-gallon fire water tank for later use. The 
naturally soft water is used in Lexmark’s cooling towers, reducing the need to purchase potable 
water for use in these processes. 
The results of the project have been exceptional. Through August of 2019, 95% of all water used 
in the cooling towers (over 5,700,000 gallons) was harvested rainwater from the RWHS. While 
reducing the demand on Lexington’s water supply, the project also improves water quality in 
Cane Run and the Royal Spring’s Aquifer, the drinking water supply for Georgetown, Kentucky. 
In 2019 and 2020, over 11.4 million gallons of treated municipal water – which would otherwise 
have been used in the campus’s cooling towers – was replaced with recycled stormwater. 
In addition to contributing to improved water quality, the project continues to educate other 
corporations and members of the community about sustainable practices for managing 
stormwater for beneficial reuse, as members of other local corporations and members of the 
community visit and tour the project and learn about its innovative approach to stormwater 
management. The result of the project is a man-made, yet naturally inspired system that provides 
tangible benefits to Lexmark and the community. 
The project was awarded the 2020 Kentucky chapter of the American Council of Engineering 
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Leveraging Intersections: Integrating Watershed Management and Hazard 
Mitigation Planning to Combat Climate Change 
Mahtaab Bagherzadeh and Perry Thomas 
Nonpoint Source Team, Watershed Management Branch, Kentucky Division of Water 
mahtaab.bagherzadeh@ky.gov 
 
With the increase in frequency and duration of severe weather events becoming the new normal, 
communities are facing growing pressure to develop plans that protect vulnerable populations 
and infrastructure. In Kentucky, and elsewhere around the nation, flooding and water quantity 
are issues of considerable concern. Within the goals of protecting water quality and controlling 
water quantity are solutions that are dual purpose, thereby providing a unique opportunity to 
strengthen mitigation and management efforts. Extreme rain events can exacerbate runoff of 
water quality-degrading pollutants, such as sediments and nutrients (e.g., Kaushal, et al. 2014). 
Green infrastructure that provides filtration of pollutants from stormwater runoff may also slow 
flows and improve infiltration reducing erosion and flooding. 
Authored every five years, federally-mandated Hazard Mitigation Plans (HMPs) aim to prevent, 
mitigate, and/or respond to high-risk climate events, like flooding. Successful HMPs build 
partnerships involving governmental agencies, non-governmental organizations, businesses, and 
the public; identify management strategies and implementation approaches; increase awareness 
of hazards through outreach and education programs; and synthesize all these efforts to 
effectively communicate priorities to leverage funding. These plans tend to involve water 
quantity-focused initiatives, and historically do not engage in watershed-based management 
approaches that would integrate water quality considerations.  
Like HMPs, Watershed Plan (WSP) development utilizes a phased approach: data collection, 
assessment and targeting, and strategy development and implementation establishes a plan that 
reflects the interdependency of natural resource uses, wide-ranging stakeholder interests, and 
ecosystem functions and services. Analogous to HMPs, they rely on committed stakeholder 
partnerships, geographic focus, scientifically sound management practices, and coordinated 
education and outreach strategies. However, water quantity is often not emphasized in WSPs, as 
their primary goals are to improve water quality metrics.  
Given the parallels between watershed and hazard mitigation planning, collaboration can provide 
a thorough and enhanced planning process that expands available funding sources, better informs 
selection and implementation strategies, and increases public awareness of the link between 
water quality and quantity issues.  In this presentation, we describe how federal and state 
agencies partner with universities, regional planners, and municipalities in Kentucky to dovetail 
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Riparian Reforestation for Stream Water Quality Improvement: Evidence 
from Reforested Urban Sites in Lexington 
Kenton L. Sena 
Lewis Honors College, University of Kentucky 
Kenton.Sena@uky.edu 
 
Urbanization has been associated with a suite of negative effects to stream health, collectively 
known as the “Urban Stream Syndrome.” While many of these effects are related to watershed-
scale factors such as impervious surface area or structural issues such as channel alteration, some 
impairment is related to loss of healthy riparian plant communities. Urban forests are of interest 
for a variety of ecosystem services, such as carbon storage, water storage and evapotranspiration, 
air purification, shade and temperature regulation, and wildlife habitat. Some of these benefits 
may be additive in riparian areas. For example, streams serve as wildlife corridors in urban areas, 
so reforesting riparian areas can enhance wildlife corridor quality. Forested riparian buffers may 
also enhance stream-water quality in urban areas by slowing and processing surface runoff, and 
taking up nutrients such as nitrate. This study was conducted to evaluate the effectiveness of 
reforested riparian buffers for enhancing stream-water quality in four streams in Lexington, 
Kentucky: West Hickman Creek at Veteran’s Park (“West Hickman”), two of its tributaries 
(“Ribbon Park” at Ribbon Park, and “Hickman Tributary” at Veteran’s Park), and a tributary of 
Town Branch (“Kentucky Horse Park”). All four sites were planted with native trees as part of 
the community reforestation event “Reforest the Bluegrass,” and managed by Lexington-Fayette 
Urban County Government (LFUCG) Environmental Services. Stream-water grab samples were 
collected upstream and downstream of each reforested reach on a weekly basis from June to 
October of 2020, with some gaps during low- or no-flow periods for some streams. Stream-water 
samples were analyzed for a suite of water chemistry metrics by the UK Department of Forestry 
and Natural Resources Forest Hydrology Lab. Paired t-tests were performed to compare 
upstream and downstream values for all metrics within each stream. While no significant 
differences between upstream and downstream values were detected for West Hickman Creek, 
significant differences (p < 0.05) were detected for each of the other three streams. Conductivity, 
total organic carbon (TOC), alkalinity, and calcium decreased significantly through the 
reforested reach in the Ribbon Park site, while potassium increased through the reach. Similarly, 
Conductivity, alkalinity, sulfate, and nitrate decreased through the reforested reach in the 
Hickman Tributary site. Finally, nitrate significantly decreased and potassium significantly 
increased in the Kentucky Horse Park site. Significant decreases in nitrate through the reforested 
reaches at the Hickman Tributary and Kentucky Horse Park sites are especially promising: mean 
(± 1 SD) upstream nitrate concentrations at these sites were 1.26 (± 0.51) and 1.10 (± 0.68) 
mg/L, respectively, while downstream nitrate concentrations were 0.93 (± 0.54) and 0.68 (± 
0.68), respectively. Mean (± SD) difference in nitrate concentrations were 0.33 (± 0.41) and 0.42 
(± 0.36) mg/L, respectively. Nitrate reduction in these small streams is likely related to uptake by 
riparian vegetation, especially trees, given that these streams are mostly shaded and algal growth 
is not likely to be a significant factor. These results illustrate the potential of riparian forest 
buffers to reduce nitrate loads in small urban streams. If scaled up, reforesting small streams in 
urban catchments could significantly reduce nitrate exports to larger streams, contributing toward 
mitigation of basin-scale nutrient enrichment issues such as the Gulf Dead Zone. 
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Red River Gorge, Kentucky Non-Point Source Pollution Program 
Implementation 
Mac A. Cherry 
U.S. Forest Service 
Mac.Cherry@usda.gov  
 
The U.S.D.A Forest Service, Daniel Boone National Forest, in partnership with Kentucky 
Waterways Alliance, Eastern Kentucky Pride, and Kentucky Division of Water, is currently in 
the 3rd cycle of a §319(h) grant. The project addresses threats to stream health and water quality 
on private and National Forest System lands in Wolfe, Menifee, and Powell Counties of 
Kentucky. The downstream portions of the project watersheds contain the Forest Service-
managed Red River Gorge, and the headwaters are privately-owned residences, small 
communities, and farms. A watershed-based plan identified two main pollutant concerns in the 
project area: pathogens in the headwaters from failing septic/sewer systems and stream 
sedimentation in the downstream areas from Red River Gorge recreation impacts. Project 
milestones from cycle 1 and 2 include: a watershed-based plan, watershed coordinator for the 
Red River, 85 miles of trails rehabilitated, 86 miles of trash removed from waterways, 400 
unauthorized campsites closed, and 14 septic systems installed or repaired on private residences. 
More accomplishments are expected before the completion of the 3rd cycle.  
 
 
  
